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Description
[TECHNICAL FIELD]

[0001] The disclosure relates to a display module hav-
ing an electrostatic discharge (ESD) protection structure
and a display device comprising the same.

[BACKGROUND ART]

[0002] A display module includes a plurality of ESD
protection devices coupled by channel and common line
for each driving integrated circuit (IC) chip. The display
module protects internal circuitry from ESD using the plu-
rality of ESD protection devices. In addition, a non-con-
ductive material is attached to a substrate of the display
module and protects against ESD infiltration to the inter-
nal circuitry of the display module.

[0003] A number of ESD protection devices included
in the display module may be a number corresponding
to a number of pixels mounted in the display module. In
this case, if a ultra-small light emitting diode such as a
micro LED is mounted, securing a space for mounting
the plurality of ESD protection devices in the display mod-
ule may be difficult and thereby, processing time may be
increased. In addition, there may be a problem of not
being able to protect against ESD being introduced to
fine gaps formed between a non-conductive material and
a substrate attached to the display module.

[DISCLOSURE]
[TECHNICAL SOLUTION]

[0004] An object of the disclosure is in providing a dis-
play module which protects an internal circuitry of the
display module from ESD by arranging ESD protection
wiring along an upper side and a lower side of the display
module and a display device including the same.
[0005] The disclosure to achieve the object above pro-
vides a display module including a substrate arrayed with
a plurality of first electrode pads at a front surface of the
substrate, a plurality of light emitting diode packages ar-
rayed with a plurality of second electrode pads on which
a plurality of light emitting diode are mounted at a front
surface of the plurality of light emitting diode packages
and electrically connected to the plurality of first electrode
pads at a rear surface of the plurality of light emitting
diode packages, and first electrostatic discharge (ESD)
protection wiring arranged discontinuously along a first
side of the substrate at the front surface of the substrate.
[0006] The front surface of the substrate may be cov-
ered with an insulation layer, and the insulation layer may
be provided with a plurality of first openings which expose
the plurality of first electrode pads and a plurality of sec-
ond openings which expose a portion of the first ESD
protection wiring.

[0007] The first ESD protection wiring may be config-
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ured such that a center part is electrically coupled to one
from among the plurality of first electrode pads, and both
end parts are arranged adjacently to other first electrode
pads which are arranged spaced apart at both sides of
the electrically connected first electrode pad, respective-
ly.

[0008] The first ESD protection wiring may be config-
ured such that both end parts are exposed by the plurality
of second openings.

[0009] The first ESD protection wiring may be arranged
more closely to the first side of the substrate than the first
electrode pads arranged most closely to the first side of
the substrate from among the plurality of first electrode
pads.

[0010] The plurality of second openings may have a
hidden line pattern.

[0011] The display module may further include second
ESD protection wiring arranged discontinuously along a
second side of the substrate positioned at an opposite
side of the first side of the substrate.

[0012] The insulation layer may be provided with a plu-
rality of third openings which expose both end parts of
the second ESD protection wiring.

[0013] Each micro light emitting diode package may
include a micro integrated circuit (micro IC) chip which
controls driving of the plurality of micro light emitting di-
odes.

[0014] In addition, in the disclosure, the above object
is achievable by providing a display module including a
substrate, a plurality of micro light emitting diode pack-
ages which are grid arrayed at one surface of the sub-
strate, and first ESD protection wiring and second ESD
protection wiring which are arranged discontinuously
along both sides of the substrate at one surface of the
substrate.

[0015] One surface of the substrate may be covered
with an insulation layer, and the insulation layer may be
provided with a plurality of openings which expose a por-
tion of the first ESD protection wiring and a portion of the
second ESD protection wiring. The plurality of openings
may have a hidden line pattern.

[0016] In addition, in the disclosure, the above object
is achievable by providing a display device including a
first substrate, a plurality of display modules grid arrayed
at the first substrate, and a processor configured to con-
trol driving of the plurality of display modules, and each
display module includes a second substrate, a plurality
of micro light emitting diode packages grid arrayed atone
surface of the second substrate, first ESD protection wir-
ing and first ESD protection wiring arranged discontinu-
ously along both sides of the substrate at one surface of
the substrate, and an insulation layer which covers one
surface of the second substrate, and has a plurality of
openings which expose a portion of the first ESD protec-
tion wiring and a portion of the second ESD protection

wiring.
[0017] The plurality of openings may have a hidden
line pattern.
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[0018] A plurality of electrode pads to which the plu-
rality of micro light emitting diode packages are electri-
cally connected may be provided at one surface of the
second substrate, the first ESD protection wiring may be
positioned between one side of the substrate and the
plurality of electrode pads which are most adjacent to the
one side of the substrate, and the second ESD protection
wiring may be arranged between an opposite side of the
substrate and the plurality of electrode pads which are
most adjacent to the opposite side of the substrate.

[DESCRIPTION OF DRAWINGS]
[0019]

FIG. 1is a block diagram of a display device accord-
ing to an embodiment of the disclosure;

FIG. 2 is a diagram illustrating a display device grid
arrayed with a plurality of display modules according
to an embodiment of the disclosure;

FIG. 3 is a diagram illustrating an enlarged A part of
the display module shown in FIG. 2;

FIG. 4 is a diagram illustrating a rear surface of a
light emitting diode package;

FIG. 5 is a diagram illustrating a pattern of ESD pro-
tection wiring provided at a front surface of a display
substrate;

FIG. 6 is a diagram illustrating schematically a plu-
rality of channel lines and a plurality of common scan
lines to which a plurality of pixels of a package sub-
strate are coupled;

FIG. 7 is a diagram grid arrayed with a plurality of
light emitting diode packages on a display substrate;
FIG. 8 is a diagram illustrating an enlarged B part of
the substrate shown in FIG. 5; and

FIG. 9 is a diagram illustrating an enlarged C part of
the substrate shown in FIG. 8.

[DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS]

[0020] Various embodiments will be described in
greater detail below with reference to the accompanied
drawings. Embodiments described herein may be vari-
ously modified. A specific embodiment may be illustrated
in the drawings and described in detail in the detailed
description. However, the specific embodiment de-
scribed in the accompanied drawing is only to assist in
the easy comprehension of the various embodiments.
Accordingly, it should be noted that the technical spirit is
not limited by the specific embodiments described in the
accompanied drawings, and should be interpreted to in-
clude all modifications, combinations, equivalents and/or
alternatives of the embodiments included in the spirit of
the disclosure and in the technical scope

[0021] In the disclosure, terms including ordinal num-
bers such as first and second may be used in describing
the various elements, but the elements are not limited by
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the above-described terms. The above-described terms
may be used only for the purpose of distinguishing one
element from another element.

[0022] In the disclosure, it is to be understood that the
terms such as "include" or "have" are used herein to des-
ignate a presence of a characteristic, number, step, op-
eration, element, component, or a combination thereof,
and not to preclude a presence or a possibility of adding
one or more of other characteristics, numbers, steps, op-
erations, elements, components or a combination there-
of. When a certain element is indicated as being "coupled
with/to" or "connected to" another element, it may be un-
derstood as the certain element being directly coupled
with/to or connected to the another element, or an ele-
ment being present therebetween. On the other hand,
when a certain element is indicated as "directly coupled
with/to" or "directly connected to" another element, it may
be understood as an element not being present therebe-
tween.

[0023] In the disclosure, the term "module" or "part"
perform at least one function or operation, and may be
implemented with a hardware or software, or implement-
ed with a combination of hardware and software. In ad-
dition, a plurality of "modules" or a plurality of "parts,"
except for a "module” or a "part" which needs to be im-
plemented to a specific hardware, may be integrated in
at least one module and implemented as at least one
processor.

[0024] The display module may include a plurality of
light emitting diode packages. The plurality of light emit-
ting diode packages may be arrayed with a plurality of
inorganic light emitting diodes (inorganic LEDs), respec-
tively. The inorganic LED may be a micro LED having a
size of less than or equal to 100um. The display module
with the micro LEDs may provide better contrast, faster
response time and higher energy efficiency than a liquid
crystal display (LCD) panel which requires a backlight.
Both an organic light-emitting diode (OLED) and a micro
LED may have good energy efficiency, but the micro LED
has higher brightness, superior light-emitting efficiency,
and longer life span than the OLED. The micro LED may
be a semiconductor chip which can diverge light on its
own when power is supplied. The micro LED may have
a fast response time, low power, and high brightness.
Specifically, the micro LED may have higher efficiency
in converting electricity to photons compared to the LCD
or OLED. That is, "brightness per watt" may be higher
compared to LCDs or OLED displays of the related art.
Accordingly, the micro LED may produce the same
brightness with about half of the energy compared to the
LED (having a size that exceeds 100um) or OLED. In
addition thereto, the micro LED may implement high res-
olution, superior colors, contrast, and brightness, accu-
rately represent a wide range of colors, and implement
a clear screen in even outdoors with bright sunlight. Fur-
ther, the micro LED is resistant against a burn-in phe-
nomenon and deformation due to low heat generation.
[0025] The micro LED may be such that anode and
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cathode electrode terminals are formed at a same first
surface and a light emitting surface has a flip chip struc-
ture formed ata second surface positioned atan opposite
side of the first surface on which the electrode terminals
are formed.

[0026] The display module may be configured such
that a substrate and a plurality of LED packages are
transferred to a front surface of the substrate in a grid
array. Each LED package may include a package sub-
strate formed of multi-layers, a plurality of micro LEDs
mounted at a front surface of the package substrate, a
driving IC arranged inside of the package substrate, a
micro IC for driving pixels, and a plurality of package elec-
trode pads arrayed at a rear surface of the substrate.
[0027] A pixel driving method of the display module
may be an active matrix (AM) driving method of a passive
matrix (PM) driving method. The display module may
form wiring patterns to which respective micro LEDs are
electrically connected according to the AM driving meth-
od or the PM driving method. In one pixel area, a plurality
of pulse amplitude modulation (PAM) control circuits may
be arranged. In this case, each sub pixel arranged in the
one pixel area may be controlled by the corresponding
PAM control circuit. In addition, in one pixel area, a plu-
rality of pulse width modulation (PWM) control circuits
may be arranged. In this case, each sub pixel arranged
in the one pixel area may be controlled by the correspond-
ing PWM control circuit.

[0028] The display module may be installed and ap-
plied in a wearable device, a portable device, a handheld
device as a single unit and/or in electronic products or
electric field that require various displays.

[0029] A display device may include a back plate and
a plurality of display modules assembled in a grid array
at a front surface of the back plate. The display device
may be utilized as a monitor for a personal computer
(PC), a high-resolution TV and signage (or, digital sig-
nage), an electronic display, and the like.

[0030] Embodiments of the disclosure will be de-
scribed in detail below with reference to the accompany-
ing drawings to aid in the understanding of those of or-
dinary skill in the art. However, the disclosure may be
implemented in various different forms and it should be
noted that the disclosure is not limited to the embodi-
ments described herein. Further, in the drawings, parts
not relevant to the description may be omitted, and like
reference numerals may be used to indicate like ele-
ments throughout the whole of the disclosure. In the dis-
closure, the expression 'same’ may mean not only fully
matching, but also include a difference of an extent that
considers a processing error range.

[0031] Although embodiments of the disclosure have
been described in detail below with reference to the ac-
companied drawings and the descriptions of the accom-
panied drawings, however the disclosure is not limited
thereto.

[0032] A display device according to an embodiment
of the disclosure will be described below with reference
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to the drawings.

[0033] FIG. 1 is a block diagram of a display device
according to an embodiment of the disclosure, and FIG.
2 is a diagram illustrating a display device grid arrayed
with a plurality of display modules according to an em-
bodiment of the disclosure.

[0034] ReferringtoFIG. 1,adisplay device 1 according
to an embodiment of the disclosure may include a plu-
rality of display modules 100, 100-1, --- , and 100-n and
a processor 5.

[0035] Referring to FIG. 2, a plurality of display mod-
ules 100 may be arranged at a back plate 30 in a grid
array and form one screen. The plurality of display mod-
ules 100 may display various images. Here, an image
may be a concept which includes a still image and/or a
moving image. The plurality of display modules 100 may
display various images such as, for example, and without
limitation, broadcast content, multi-media content, and
the like. In addition, the plurality of display modules 100
may also display a user interface (Ul) and an icon.
[0036] Eachdisplay module 100 may include aplurality
of light emitting diode packages 120, 120-1, 120-2, and
120-3 (referring to FIG. 3), and a display driver IC (DDI)
7 for controlling the plurality of light emitting diode pack-
ages 120, 120-1, 120-2, and 120-3.

[0037] The display driver IC 7 may be mounted at a
rear surface of a display substrate 110 (referring to FIG.
3).

[0038] The display driver IC 7 may include an interface

module 7a, a memory 7b (e.g., a buffer memory), an im-
age processing module 7c¢, and/or a mapping module 7d.
The display driver IC 7 may receive, for example, image
information including an image data or an image control
signal corresponding to a command for controlling the
image data from other elements of the display device 1
through the interface module 7a. For example, according
to an embodiment, the image information may be re-
ceived from the processor 5 (e.g., amain processor (e.g.,
an application processor)) or an auxiliary processor (e.g.,
a graphics processing device) operated independently
from a function of the main processor.

[0039] The display driver IC 7 may store at least a por-
tion from among the received image information in the
memory 7b, for example, on a frame basis. The image
processing module 7c may perform, for example, a pre-
processing or a post-processing (e.g., resolution, bright-
ness, or size adjustment) of atleast a portion of the image
data based on characteristics of the image data or char-
acteristics of the display module 100. The mapping mod-
ule 7d may generate a voltage value or a current value
corresponding to the image data which is preprocessed
or post-processed through the image processing module
7c. According to an embodiment, the generating of the
voltage value or the current value may be performed, for
example, based at least in part on characteristics of the
pixels (e.g., array of pixels (an RGB stripe or a pentile
structure), or sizes of the respective sub pixels) mounted
to light emitting diode packages 120, 120-1, 120-2, and
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120-3. Based on at least a portion of the pixels of the
light emitting diode packages 120, 120-1, 120-2, and
120-3 being driven, for example, based at least in part
on the voltage value of the current value, visual informa-
tion (e.g., a text, an image, or an icon) corresponding to
the image data may be displayed through the display
module 100.

[0040] The display driver IC 7 included in the respec-
tive display modules may transmit a driving signal (e.g.,
a driver driving signal, a gate driving signal, etc.) to the
corresponding display modules 100, 100-1, ---, and 100-
n based on image information received from the proces-
sor 5.

[0041] The display driver IC 7 may display an image
based on an image signal received from the processor
5. In an example, the display driver IC 7 may generate a
driving signal of a plurality of sub pixels based on the
image signal received from the processor 5, and display
an image by controlling an emission of light of the plurality
of sub pixels based on the driving signal.

[0042] The display module 100 may further include
touch circuitry (not shown). The touch circuitry may in-
clude a touch sensor and a touch sensor IC for controlling
the same. The touch sensor IC may control the touch
sensor to detect, for example, a touch input or a hovering
input of a designated position of the display module 100.
For example, the touch sensor IC may detect the touch
input or the hovering input by measuring a change in
signal (e.g., voltage, amount of light, resistance, or elec-
tric charge) of the designated position of the display mod-
ule 100. The touch sensor IC may provide information
(e.g., position, area, pressure, or time) on the detected
touch input or hovering input to the processor 5. Accord-
ing to an embodiment, at least a portion of the touch
circuitry (e.g., touch sensor IC) may be included in the
display driver IC 7, or as a part of the display module
100, or as a part of another element (e.g., auxiliary proc-
essor) arranged outside of the display module 100.
[0043] The processor5 may be implemented as a dig-
ital signal processor (DSP) configured to process a digital
image signal, a microprocessor, a graphics processing
unit (GPU), an artificial intelligence (Al) processor, a neu-
ral processing unit (NPU), and a time controller (TCON).
However, the embodiment is not limited thereto, and may
include one or more from among a central processing
unit (CPU), a micro controller unit (MCU), a micro
processing unit (MPU), a controller, an application proc-
essor (AP), a communication processor (CP), oran ARM
processor, or may be defined by the corresponding term.
In addition, the processor 5 may be implemented as a
System on Chip (SoC) or a large scale integration (LSI)
embedded with a processing algorithm, and may be im-
plemented in the form of an application specific integrat-
ed circuit (ASIC), or a field programmable gate array (FP-
GA).

[0044] The processor 5 may control hardware or soft-
ware elements coupled to the processor 5 by driving an
operating system or an application program, and perform
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various data processing and computations. In addition,
the processor 5 may load and process commands or data
received from at least one from among other elements
in a volatile memory, and store various data in a non-
volatile memory.

[0045] The display module 100 may be described in
detail below with reference to FIG. 3 to FIG. 9.

[0046] FIG. 3 is a diagram illustrating an enlarged A
part of the display module shown in FIG. 2, and FIG. 4
is a diagram illustrating a rear surface of a light emitting
diode package.

[0047] Referringto FIG. 3, the display module 100 may
include the display substrate 110, and the plurality of light
emitting diode packages 120, 120-1, 120-2, and 120-3
grid arrayed at a front surface of the display substrate
110.

[0048] Because the plurality of light emitting diode
packages 120, 120-1, 120-2, and 120-3 have substan-
tially the same structure, only one light emitting diode
package 120 will be described.

[0049] The light emitting diode package 120 may be
mounted with a package substrate 121, and pixels ar-
rayed at a certain pixel pitch (or display pitch) at a front
surface of the package substrate 121.

[0050] One pixel 130 may be formed of a plurality of
sub pixels 130R, 130G, and 130B which emit light of
wavelength bands of different colors from one another.
For example, the one pixel 130 may include a first sub
pixel 130R which emits light of a red wavelength band,
a second sub pixel 130G which emits light of a green
wavelength band, and a third sub pixel 130B which emits
light of a blue wavelength band.

[0051] The plurality of sub pixels 130R, 130G, and
130B may be micro LEDs having a size of less than or
equal to 100um as inorganic light emitting diodes. Each
sub pixel may include a first semiconductor layer and a
second semiconductor layer which are grown from an
epi substrate, and an active layer arranged between the
first semiconductor layer and the second semiconductor
layer.

[0052] The first semiconductor layer may include, for
example, a p-type semiconductor layer (an anode, an
oxidation electrode). The p-type semiconductor layer
may be selected from, for example, GaN, AIN, AlGaN,
InGaN, InN, InAlGaN, AlInN, and the like, and a p-type
dopant of Mg, Zn, Ca, Sr, Ba, and the like may be doped.
[0053] The second semiconductor layer may include,
for example, an n-type semiconductor layer (a cathode,
a reduction electrode). The n-type semiconductor layer
may be selected from, for example, GaN, AIN, AlGaN,
InGaN, InN, InAlGaN, AlInN, and the like, and an n-type
dopant of Si, Ge, Sn, and the like may be doped.
[0054] The active layer may be an area in which elec-
trons and holes are recombined, which transitions to a
low energy level as electrons and holes recombine, and
may generate light having an wavelength corresponding
thereto.

[0055] The active layer may include a semiconductor
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material, for example, an amorphous silicon or a poly
crystalline silicon. However the embodimentis notlimited
thereto and may contain an organic semiconductor ma-
terial, and the like, and may be formed in a single quantum
well (SQW) structure or a multi quantum well (MQW)
structure.

[0056] The epigrown part of each sub pixel is not lim-
ited to the above-described configuration. For example,
each sub pixel may be such that the first semiconductor
layer includes the n-type semiconductor layer, and the
second semiconductor layer includes the p-type semi-
conductor layer.

[0057] The package substrate 121 may be formed of
multi-layers. At an inside of the package substrate 121,
a micro IC of a digital driving method for controlling the
driving of each sub pixel may be arranged. Accordingly,
the display substrate 110 may be configured such that a
plurality of TFTs for driving pixels is omitted. Meanwhile,
if the micro IC is omitted in the package substrate 121,
a plurality of TFT circuits may be provided in the display
substrate 110.

[0058] The package substrate 121 may be provided
with the micro IC, wiring which electrically couples each
sub pixel, and a common electrode wiring.

[0059] ReferringtoFIG.4,atarear surface of the pack-
age substrate 121, a plurality of first electrode pads 125
which are electrically coupled with the micro IC through
wiring may be arranged. The plurality of first electrode
pads 125 may be electrically connected to a plurality of
second electrode pads 115 (referring to FIG. 8) arrayed
at the front surface of the display substrate 110.

[0060] FIG. 5is a diagram illustrating a pattern of ESD
protection wiring provided at a front surface of a display
substrate, FIG. 6is a circuit diagram illustrating schemat-
ically a plurality of channel lines and a plurality of common
scan lines coupled to pixels of a package substrate, FIG.
7 is a diagram grid arrayed with a plurality of light emitting
diode packages on a display substrate, FIG. 8 is a dia-
gram illustrating an enlarged B part of the display sub-
strate shownin FIG. 5, and FIG. 9 is adiagram illustrating
an enlarged C part of the display substrate shown in FIG.
8.

[0061] InFIG.5, the plurality of second electrode pads
115 arrayed at the front surface of the display substrate
110 and ESD protection wiring 170 will be omitted from
the drawing for convenience of description.

[0062] Referring to FIG. 5, the display substrate 110
may be stacked with an insulation layer 150 having a
predetermined thickness at the front surface thereof. The
insulation layer 150 may be formed of a non-conductive
molding material (e.g., photo solder resist (PSR)).
[0063] The insulation layer 150 may block ESD from
being introduced to the front surface of the display sub-
strate 110. In this case, ESD may be introduced to a side
end of the display module 110. That is, a fine gap may
be formed between the front surface of the display sub-
strate 110 and the insulation layer 150 due to the front
surface of the display substrate 110 and the insulation
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layer 150 not being completely physically contacted.
There may be a possibility of ESD being introduced inside
the display module 100 through the gap.

[0064] Thedisplay substrate 110 may be provided with
a plurality of ESD protection circuits (e.g., transient volt-
age suppressor (TVS) diode) for protecting adisplay pixel
driving circuit (micro IC) from electrostatic discharge
(ESD) which is introduced to an upper side, a lower side,
a left side, and a right side of the display module 100.
[0065] The plurality of ESD protection circuits may be
arranged in a bezel area adjacent to an upper side, a
lower side, a left side, and a right side of the display sub-
strate 110. In this case, because of a matrix driving meth-
od (a passive matrix (PM) and an active matrix (AM))
applied to the display substrate 110 and the arranging of
the plurality of first electrode pads 125 of the light emitting
diode package 120, a plurality of first TVS diodes may
be densely arranged at the upper side and lower areas
of the display substrate 110 and second TVS diodes of
a smaller number than a number of first TVS diodes may
be arranged in the left side and right side areas of the
display substrate 110.

[0066] Referring to FIG. 6, a plurality of common scan
lines may be arranged in afirstdirection (e.g., a horizontal
direction of the package substrate) on the package sub-
strate 121 of the light emitting diode package 120, and
a plurality of channel lines may be arranged in a second
direction which is orthogonal to the first direction. For
example, the plurality of pixels mounted in one package
substrate 121 may be grid arrayed into an N-number (N
being a natural number of 2 or more) of columns and an
M-number (M being a natural number of 2 or more) of
rows. In this case, each pixel may be formed of three sub
pixels. At this time, the plurality of channel lines may be
an NX3-number, and the plurality of common scan lines
may be an M-number. The NX3-number of channel lines
may be respectively protected by the NX3-number of first
TVS diodes, and the M-number of common scan lines
may be protected by the M-number of second TVS diodes
coupled respectively thereto.

[0067] The NX3-number of first TVS diodes and the
M-number of second TVS diodes may be required cor-
responding to one light emitting diode package 120.
[0068] Referring to FIG. 7, if the plurality of light emit-
ting diode packages 120 are grid arrayed into a P-number
(P being a natural number of 2 or more) of columns and
a Q-number (Q being a natural number of 2 or more) of
rows on the display substrate 110, an (NX3) XP-number
of first TVS diodes and an MXQ-number of second TVS
diodes may be arranged on the display substrate 110.
Accordingly, the number of first TVS diodes may be more
than the number of second TVS diodes on the display
substrate 110.

[0069] The plurality of first TVS diodes and a plurality
of second TVS diodes may be arranged adjacently to
outermost sides (an upper side 111, a lower side 112, a
left side 113, and a right side 114 of the display substrate
110) of the display substrate 110. For example, the plu-
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rality of first TVS diodes may be arranged adjacently to
the upper side 111 and the lower side 112 of the display
substrate 110 along an arrangement direction of the plu-
rality of channel lines, and the plurality of second TVS
diodes may be arranged adjacently to the left side 113
and the right side 114 of the display substrate 110 along
an arrangement direction of the plurality of common scan
lines.

[0070] The ESD may not be introduced to the front sur-
face of the display substrate 110 which is covered by the
insulation layer 150. The ESD may be mainly introduced
to the outermost sides of the display substrate 110 where
fine gaps are formed between the display substrate 110
and the insulation layer 150 which covers the front sur-
face of the display substrate 110.

[0071] The ESD being introduced to the outermost
sides of the display substrate 110 may be absorbed into
the plurality of first TVS diodes and the plurality of second
TVS diodes arranged along the outermost sides of the
display substrate 110, and a portion thereof may be ab-
sorbed into a plurality of ESD protection wiring 170 which
is arranged along the upper side 111 and the lower side
112 of the display substrate 110. At this time, the respec-
tive ESD protection wiring 170 may be electrically cou-
pled to a substrate electrode pad 115-1 (referring to FIG.
9) to which the first TVS diodes are coupled. The insu-
lation layer 150 may be formed with a plurality of openings
for wiring 153 along the upper side 111 and the lower
side 112 of the display substrate 110. The plurality of
openings for wiring 153 may be represented in a rough
hidden line pattern.

[0072] The plurality of openings for wiring 153 may ex-
pose a portion of the ESD protection wiring 170 formed
at the front surface of the display substrate 110. Accord-
ingly, the upper side and the lower side of the display
module 100 may be protected from ESD by the first TVS
diodes and the ESD protection wiring 170 arranged along
the upper side 111 and the lower side 112 of the display
substrate 110.

[0073] Referring to FIG. 8, on the front surface of the
display substrate 110, the plurality of second electrode
pads 115 may be arranged at areas in which each of the
light emitting diode packages 120, 120-1, 120-2, and
120-3 are mounted, respectively.

[0074] A plurality of openings for pads 151 may be
formed at parts corresponding to the plurality of second
electrode pads 115 for the plurality of second electrode
pads 115 to be exposed on the insulation layer 150.
[0075] Referring to FIG. 9, the ESD protection wiring
170 may be formed at the front surface of the display
substrate 110. The ESD protection wiring 170 may be a
copper thin film having a predetermined length.

[0076] TheESD protectionwiring 170 may be arranged
between a plurality of second electrode pads 115-1,
115-2, and 115-3 and the upper side 111 of the display
substrate which are arranged most closely to the upper
side 111 of the display substrate 110 from among the
plurality of second electrode pads 115.
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[0077] Inthis case, the ESD protection wiring 170 may
be arranged at a position which is covered by the light
emitting diode package 120 when the light emitting diode
package 120 is transferred to the display substrate 110.
Accordingly, the ESD protection wiring 170 may not be
visible because it is covered by the light emitting diode
package 120 when a user views the front surface of the
display module 100.

[0078] The ESD protection wiring 170 may be electri-
cally coupled with one second electrode pad 115-1 from
among the plurality of second electrode pads 115-1,
115-2, and 115-3.

[0079] The ESD protection wiring 170 may include a
first part 171 and a fourth part 174 corresponding to both
end parts, a second part 172 which is extended from the
first part 171 and electrically coupled to the second elec-
trode pad 115-1, and a third part 173 which is extended
from the fourth part 174 and electrically coupled to the
second electrode pad 115-1.

[0080] The first part 171 of the ESD protection wiring
170 may be arranged between the second electrode pad
115-2 and the upper side 111 of the display substrate
110. That s, the first part 171 of the ESD protection wiring
170 may be arranged more closely to the upper side of
the display substrate 110 than the second electrode pad
115-2. Likewise, the fourth part 174 of the ESD protection
wiring 170 may be arranged between the second elec-
trode pad 115-3 and the upper side 111 of the display
substrate 110. That is, the fourth part 174 of the ESD
protection wiring 170 may be arranged more closely to
the upper side 111 of the display substrate 110 than the
second electrode pad 115-3.

[0081] In this case, the first part 171 of the ESD pro-
tection wiring 170 may be exposed by an opening for
wiring 153a. In addition, the fourth part 174 of the ESD
protection wiring 170 may be exposed by another open-
ing for wiring 153b. Static electricity introduced to the
upper side 111 of the display substrate 110 may be ab-
sorbed into the first part 171 and/or the fourth part 174
of the ESD protection wiring 170 exposed by the opening
for wiring 153a. Accordingly, the light emitting diode
package 120 may be protected from ESD by the first TVS
diodes connected to the second electrode pad 115-1.
[0082] In the disclosure, because there is no need for
separate first TVS diodes to be connected at the second
electrode pads 115-2 and 115-3 which are arranged ad-
jacently to each of the left side and the right side of the
second electrode pad 115-1 by including the ESD pro-
tection wiring 170, the number of first TVS diodes that
are arranged at an upper area of the display substrate
110 may be reduced. For the same reason as above, the
number of second TVS diodes that are arranged at a
lower area of the display substrate 110 may be reduced.
[0083] Accordingly,inthe disclosure, mounting spaces
of the first and second TVS diodes may be secured at
the upper area and the lower area of the display substrate
110, manufacturing cost of the display substrate may be
reduced, and processing time may be shortened.
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[0084] The ESD protection wiring 170 may be provided
in a number corresponding to the light emitting diode
package 120 of two rows which are arrayed adjacently
to each of the upper side 111 and the lower side 112 of
the display substrate 110. In this case, the plurality of
ESD protection wiring 170 may be arranged discontinu-
ously along the upper side 111 and the lower side 112
of the display substrate 110.

[0085] Meanwhile, the display device 1 may be config-
ured such that the above-described plurality of display
modules 100 are grid arrayed at one surface of the back
plate 30. In this case, the plurality of display modules 100
may be assembled to be separable from the back plate
30.

[0086] The display device 1 may be protected from
ESD introduced between vertically adjacent display mod-
ules 100 by the ESD protection wiring 170 included in
each display module 100. In addition, the display device
1 may be protected from ESD introduced between hori-
zontally adjacent display modules 100 by the plurality of
TSV diodes included in each display module 100.
[0087] In addition the ESD protection wiring 170 for
protection again ESD may be covered by the plurality of
light emitting diode packages 120. Accordingly, the ESD
protection wiring 170 may not be visible to the user view-
ing an image through the display device 1.

[0088] While the disclosure has been shown and de-
scribed with reference to the exemplary embodiments
thereof, the disclosure is not limited to the embodiments
specifically described and various modifications may be
made therein by those skilled in the art to which this dis-
closure pertains without departing from the spirit and
scope of the disclosure, and such modifications shall not
be understood as separate from the technical concept or
outlook of the present disclosure.

Claims
1. A display module comprising:

a substrate comprising a plurality of first elec-
trode pads at a front surface of the sub strate;
a plurality of light emitting diode packages com-
prising a plurality of second electrode pads on
which a plurality of light emitting diodes are pro-
vided at a front surface of a plurality of light emit-
ting diode packages and electrically connected
to the plurality of first electrode pads at a rear
surface of a plurality of light emitting diode pack-
ages; and

a first electrostatic discharge (ESD) protection
wiring provided discontinuously along a first side
of the substrate at the front surface of the sub-
strate.

2. The display module of claim 1,
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3.

10.

wherein the front surface of the substrate is cov-
ered with an insulation layer, and

wherein the insulation layer is provided with a
plurality of first openings which expose the plu-
rality of first electrode pads and a plurality of
second openings which expose a portion of the
first ESD protection wiring.

The display module of claim 2,
wherein the first ESD protection wiring comprises:

a center part configured to electrically connect
to a first electrode pad among the plurality of
first electrode pads, and

end parts adjacent to other first electrode pads
which are spaced apart at both sides of the elec-
trically connected first electrode pad, respec-
tively.

The display module of claim 3,

wherein the first ESD protection wiring is configured
such that the end parts are exposed by the plurality
of second openings.

The display module of claim 1,

wherein the first ESD protection wiring is closer to
the first side of the substrate than the plurality of first
electrode pads.

The display module of claim 2,
wherein the plurality of second openings comprise
a hidden line pattern.

The display module of claim 2, further comprising
a second ESD protection wiring provided discontin-
uously along a second side of the substrate, the sec-
ond side being opposite of the first side of the sub-
strate.

The display module of claim 7,
wherein the insulation layer further comprises a plu-
rality of third openings which expose end parts of the
second ESD protection wiring.

The display module of claim 1,

wherein the plurality of light emitting diode packages
respectively comprise a micro integrated circuit (mi-
cro IC) chip configured to control a driving of the plu-
rality of light emitting diodes.

A display module comprising:

a substrate;

a plurality of micro light emitting diode packages
provided in a grid array at a first surface of the
substrate; and

a first ESD protection wiring and a second ESD
protection wiring which are respectively ar-
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ranged discontinuously along two sides of the vided between a second side of the second sub-

substrate at the first surface of the substrate. strate opposite of the first side of the second

substrate, and the plurality of electrode pads

11. The display module of claim 10, which are most adjacent to the opposite side of
5 the substrate.

wherein the first surface of the substrate is cov-
ered with an insulation layer, and

wherein the insulation layer comprises a plural-

ity of openings which expose a portion of the
first ESD protection wiring and a portion of the 70
second ESD protection wiring.

12. The display module of claim 11,
wherein the plurality of openings comprise a hidden
line pattern. 15

13. A display device comprising:

a first substrate;

a plurality of display modules provided in a grid 20
array at the first substrate; and

a processor configured to control a driving of the
plurality of display modules,

wherein the plurality of display modules respec-
tively comprise: 25

a second substrate;

a plurality of micro light emitting diode pack-
ages provided in a grid array at a first sur-
face of the second substrate; 30
afirst ESD protection wiring and a first ESD
protection wiring provided discontinuously
along respective sides of the second sub-
strate at the first surface of the second sub-
strate; and 35
an insulation layer which covers the first sur-
face of the second substrate and comprises

a plurality of openings which expose a por-

tion of the first ESD protection wiring and a
portion of the second ESD protectionwiring. 40

14. The display device of claim 13,
wherein the plurality of openings comprise a hidden
line pattern.
45
15. The display device of claim 13,
wherein

a plurality of electrode pads to which the plurality

of micro light emitting diode packages are elec- 50
trically connected are provided at one surface

of the second substrate,

wherein the first ESD protection wiring is provid-

ed between a first side of the second substrate

and the plurality of electrode pads which are 55
most adjacent to the one side of the substrate,

and

wherein the second ESD protection wiring is pro-
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